The Northern Slope of the Tazhong area is one of the important areas to increase reserve and production in carbonate reservoirs in the Tarim Basin, west China. But in the complex superimposed basin, multiple-stage charging from multiplesources, and mixed sources in different proportions have resulted in the complexity of oil-water relationship. Major controlling factors and play models are not clear, which has brought great difficulties to exploration. Therefore, it is necessary to study hydrocarbon generation, migration, accumulation and distribution, and recognize the dynamic process of hydrocarbon accumulation. Our research on geology, petrology and geochemistry of trace elements indicated that controlled by the key elements of cap rock, karsted weathering crust reservoir bed and strike-slip faults, accumulation of hydrocarbons in the lower Ordovician on the Northern Slope of the Tazhong area is characterized by vertical zonation and horizontal section-wise distribution. Transport framework of fault-unconformity-karsted fracture and void was established by our research on the static characteristics of faults, unconformity and karstification. Hydrocarbon migration parameters of V/Ni ratio and physical properties of oil indicated that strike-slip faults developed in the lower Ordovician were important migration pathways in the vertical direction. Hydrocarbons migrated up to the unconformity and then were charged towards both sides of the fault, like letter T. Through the analysis of matching between play elements and reservoir formation, the play model "Letter T charging through strike-slip faults, and multiple-stage reservoiring with earlier oil and later gas" was established. According to the model, the deeper formations under the Yingshan formation could be a new worthy exploration target.
INTRODUCTION
China has abundant oil and gas in carbonate reservoirs with estimated geological resources of 80×10 9 t, but reserve/ production ratio is just 10, indicating a low degree of proven reserves (Fan, 2005; Wang et al., 2008) . Every leap forward in exploration has close relationship with breakthrough in theory. Strengthening basic study of hydrocarbon accumulation is important for exploration and development of carbonate reservoirs in China (Jin and Wang, 2004) . Recent discoveries on the Northern Slope of the Tazhong area indicate promising prospect in exploration. However under the complex accumulation background of the Northern Slope, oil-water relationship is complicated and major controlling factors and play models are not clear, which seriously hinders the pace of exploration. In the complex superimposed basin, how did the hydrocarbon migrate, and how did a large area of contiguous reservoirs develop? To answer these questions, intensive and systematic study is required. In this paper the play model and transport framework of lower Ordovician carbonate reservoirs are proposed. The conclusions could provide reference for exploration and development of carbonate reservoirs on the Northern Slope of the Tazhong area.
SAMPLING AND EXPERIMENT METHODS
Thirty-one samples were collected on the Northern Slope of the Tazhong area. Fortyfour trace elements were identified in crude oils by using ICP-MS. The test samples included two end-member oils, twelve samples from the Lianglitage Formation of the upper Ordovician, thirteen samples from the Yingshan formation of the lower Ordovician (O 1 y), three samples from commingled wells, and one sample from Cambrian. Sample points were shown in Figure 1 .
Trace elements were determined by ICP-MS (Finnigan MAT, HR-ICP-MS, Element ?). The signal collection of HR-ICP-MS lasted 25s, and the scanned mass ranges were set at 90-120 and 175-200 amu to cover the target elements (Zhao and Sun, 2008) .
GEOLOGICAL SETTING
The Tazhong Low Rise, or Tazhong area in the Central Uplift, Tarim Basin lies in the desert hinterland, adjacent with the Bachu Salient in the west, the Tadong Low Rise in the east, the Tanggubazi Sag in the south and the Northern Depression in the north. The Tazhong Low Rise is an inherited palaeo-uplift of long development, with three secondary structural units: Northern Slope, Central Arch and Southern Slope (Fig. 1) . Tazhong No.1 Fault Belt as its northern boundary controlled the structural framework, hydrocarbon accumulation and reservoir development in the Tazhong area. The Tazhong Low Rise in an area of 27.5×10 3 km 2 is a large anticline, striking NNW in a brush shape from east to west, high in the east and low in the west .
Carbonate rocks mainly developed in the Ordovician, Cambrian and upper Sinian in the Tazhong area (Fig. 2) . Most of wells were on the Northern Slope, but did not drill through the Ordovician. So far important discoveries mainly concentrated in reef beach complex of the upper Ordovician and karsted weathering crust reservoirs of the lower Ordovician. In our study the evidences from biomarkers, stable carbon isotopes and trace elements indicated that hydrocarbon reservoirs of the lower Ordovician in the Tazhong area were the result of mixed-source unequal charging of hydrocarbons from Cambrian-lower Ordovician source rocks and middle-upper Ordovician source rocks. The late Hercynian and Himalayan were the key accumulation periods for carbonate reservoirs in the lower Ordovician (Lü et al., 2000) .
CHARACTERISTICS OF CARBONATE RESERVOIRS OF LOW ORDOVICIAN 4.1. Section-wise hydrocarbon distribution
Most of reservoirs in the lower Ordovician are condensate gas reservoirs, with some normal reservoirs. There is no clear boundary between oil and gas. Seeing from Figure  3 , along the Tazhong No.1 Fault Belt, oils from its middle are light, oils from the two ends are heavy. Section-wise change in oil properties can be observed between two strike-slip faults. The same can be seen in the change of gas/oil ratio (Fig. 4) . In the west of Tazhong No.1 Fault Belt, gas/oil ratios near the interior are low, with some normal reservoirs. In the east, especially to the east of the X-shaped strike-slip fault, gas/oil ratio increases abruptly. Most are higher than 5000, as typical condensate gas reservoirs (Fig. 4) . The distribution of oil-gas-water in the lower Ordovician is oil in the west and gas in the east, oil in the interior and gas in the exterior (Fig. 5 ). 
Quasi-layered distribution around unconformity
The data of leakage and drilling break indicated that because of reformation by faults, corrosion not only reformed karsted weathering crust reservoirs of the lower Ordovician, but also reformed argillaceous limestone of the Lianglitage formation of the upper Ordovician (O 3 l). Around the unconformity these two types of reservoir beds composed a unified fracture-void system. Log interpretation proved hydrocarbons accumulation at 150 m below the unconformity. Controlled by reservoir bed quality, quasi-layered hydrocarbon distribution can be observed around unconformity in the vertical direction (Fig. 6 ).
TRANSPORT AND MIGRATION OF CARBONATE RESERVOIRS 5.1. Transport Framework
Fault zone and associated fractures, unconformity and karsted fracture-void developed around the unconformity composed the transport framework ( Fig. 7) , and controlled hydrocarbon distribution in the Tazhong area (Chen et al., 2002) .
Transport by fault
(1) Source and reservoir bed Gypsum-salt rock developed in the Cambrian in the Tarim Basin as good regional caprock. Widespread high-quality source rock under the gypsum-salt rock was one of 534
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Figure 5. Oil-gas-water distribution in Tazhong area.
the important oil sources for the Ordovician reservoirs. Without the fault as pathway, hydrocarbons under the gypsum-salt rock would be hard to migrate to the Ordovician. There must be deep faults to serve as the pathways of hydrocarbons to migrate upward. Mudstone widely developed in the middle-upper Ordovician together with karsted weathering crust reservoir bed of the lower Ordovician composed a high-quality reservoir-cap assemblage. Would this regional caprock block the overlying formations? Multiple oil/gas zones in the Tarim Basin have answered the question. Faults developed in the Tazhong area broke through thick mudstone of the Lianglitage formation (O 3 l), even upward to the Carboniferous, and cut downward through the basement, and faulting activity connected the formations with quality reservoir beds, serving as the effective migration pathway to facilitate hydrocarbon accumulation in such formations.
(2) Faulting activity and hydrocarbon distribution Faulting activity in the Tazhong area began from late Caledonian to late Hercynian. Hercynian was an important period of hydrocarbon accumulation of Ordovician reservoirs in the Tazhong area. Such a matching in time suggested that faults could be favorable hydrocarbon migration pathways and have important significance for hydrocarbon accumulation. The conclusion was proven by residual oil trace and hydrocarbon inclusion from cores and thin slice, and was also supported by our study on the relationship between hydrocarbon distribution and faulting activity. Oil in the west and gas in the east in the Tazhong area was the result of the activity difference of faulting between west and east.
Transport by unconformity
Because of three large scale uplifting in the middle-late Caledonian and early Hercynian, the Tazhong area suffered wide and intensive weathering and denudation to form three stages of unconformity. Especially the unconformity of middle Caledonian between middle-early Ordovician and lower Ordovician had the largest distribution range, the longest exposure duration, and the most intensive karstification. Physical properties of the formations above and below the unconformity, in addition to logging, core and thin slice proved that the unconformity between middle-early Ordovician and lower Ordovician was critical to the development of karsted weathering crust reservoir beds of the lower Ordovician, and controlled the size of hydrocarbon reservoirs on the plane. There must be two necessary conditions for the unconformity to be the optimal migration pathway. One is that above the unconformity there must be an impermeable formation, and the other is below the unconformity there must be the rocks vulnerable to weathering. Our study indicated that the unconformity between middle-early Ordovician and lower Ordovician satisfied the two necessary conditions. The formation above it is compact limestone of the Lianglitage formation (O 3 l), as a direct caprock (Li, 2004) . At 300 m below the unconformity karsted fracture and void developed as high-quality reservoir bed. 
Hydrocarbon Migration
Nickel (Ni) and vanadium (V) are the main trace elements in crude oil, existing in resin or asphaltene as Ni /V porphyrin (Sun and Püttmann, 2003) . During migration Ni and V would exchange with surrounding rock, because of the effect of surrounding rock and underground fluid and the sealing ability of cap rock, the absolute amount of Ni and V exchanged is difficult to determine. It was proven that V/Ni ratio showed a specific trend with hydrocarbon migration, which could be used to do oil-source correlation (Zhou et al., 1983; Qin et al., 2008; Tang et al., 2009 ). V and Cu usually accumulate in asphaltene, and Ni mainly exists in resin. The polarity of asphaltene is stronger than that of resin, so when hydrocarbon migrate, compared with resin, asphaltene is easier to be absorbed by rock grain. Along the migration the direction V/Ni ratio showed a decreasing trend (Sun et al., 2009a; Jiao et al., 2010) . So V/Ni ratio could be an important support for tracing hydrocarbon migration. Using V/Ni ratio and physical properties as parameters, hydrocarbon migration direction in the Tazhong area was discussed in this paper, and a typical well block was taken as an example. The curve of V/Ni ratio had three high points, corresponding with Well ZG20, ZG11 and ZG10 respectively. These three wells were near to a fault. Well ZG20 was near to Tazhong No.1 Fault Belt. Well ZG11 and ZG10 were also near to deep strike-slip faults (Fig. 9) . V/Ni ratio decreased from the high point to both sides. This trend indicated that the two strike-slip faults could be the gas source faults, along which hydrocarbons migrated upward to the unconformity and then charged towards both sides of the faults. V/Ni ratio decreased from Well ZG20 to Well ZG13, indicating that hydrocarbon was charged from the outer belt of Tazhong No.1 Fault Belt to the inner belt (Fig. 9) . The understanding was in accordance with previous knowledge. Comparing Well ZG11 with surrounding wells, oil density was nearly the same, viscosity and sulfur content decreased from Well ZG11 near the strike-slip fault to Well ZG23 and Well ZG8 on both sides of the strike-slip fault (Fig. 9) . It was assumed that along the migration direction oil density, viscosity and sulfur content would decrease gradually, and near Well ZG11, hydrocarbon could migrate from the strikeslip fault to both its sides. Structurally Well ZG11 is located on the lowest position of Well Block ZG8. So hydrocarbon could migrate along the strike-slip fault upward to the unconformity, and then further migrate to the high positions on both its sides. The recognition above was in accordance with the result of V/Ni ratio, which proved the validity of tracing hydrocarbon migration by V/Ni ratio.
PLAY MODEL AND FAVORABLE EXPLORATION TARGET 6.1. Play model
There were two source rocks for Ordovician reservoirs: Cambrian-lower Ordovician and middle-early Ordovician. The two source rocks were widely distributed on the Northern Slope and in the Northern Depression to its north. The multiphase generation and expulsion of hydrocarbons and sustained supply provided the precondition for wide hydrocarbon accumulation in Ordovician reservoirs in the Tazhong area (Lü et al., 2004) . Middle-early Ordovician oil from the Northern Depression charged from north to south along Tazhong No.1 Fault Belt in the late Hercynian, and oil cracking gas from Cambrian source rocks invaded massively in the Himalayan.
Traps in the Tazhong area were mainly formed in the late Caledonian-early Hercynian. Tazhong No.1 condensate gas reservoir buried hill trap was formed in the early Hercynian, Tazhong No.10 drape anticline trap was formed in the late Caledonian. The formation of traps was earlier or simultaneous with the time of massive hydrocarbon expulsion in good matching (Wu et al., 1998) . The analysis of play elements indicated that before massive hydrocarbon expulsion, there was already in place the necessary condition on the Northern Slope for hydrocarbon accumulation, including large size nose uplift, high-quality reservoir-cap assemblage and favorable transport framework. To sum up, good spatial-temporal collocation between play elements and reservoir formation was the critical factor for large scale hydrocarbon accumulation in the Tazhong area (Gu, 1999; Lü et al., 2009) .
Through the study of structural and sedimentation setting of the Tazhong area and collocation between play elements and reservoir formation, the dynamic process of hydrocarbon accumulation was clarified, and the play model "Letter T charging through strike-slip faults, multiple stage reservoiring with earlier oil and later gas" was established (Fig. 10) .
Hydrocarbon accumulation on the Northern Slope was divided into three stages, including migration and accumulation, adjustment and finalization. Low maturity oil was damaged and dissipated mostly in the late Caledonian-early Hercynian. In the late Hercynian, optimum spatial-temporal collocation was ready between play elements and reservoir formation. So at this time, massive charging of hydrocarbons from middle-early Ordovician source rock into the reservoir beds occurred on the Northern Slope. Hundred million tons condensate gas reservoirs were the contribution of massive gas invasion in the Himalayan, which was the stage of finalization. Two key factors of hydrocarbon accumulation in the Tazhong area were karsted weathering crust reservoir beds and strike-slip fault. Karsted weathering crust reservoir beds facilitated quasi-layer accumulation around the unconformity.
Favorable exploration target from play model
It was proven in many basins that craton basin usually had multiple oil/gas zones, such as the East Siberian Basin (Lü et al., 2002) . As an ancient craton basin, the Tarim Basin was similar with the East Siberian Basin in many aspects, including play elements and controlling factors. So in theory multiple oil/gas zones should be present in the Tarim Basin (Jin and Wang, 2004a To sum up, under the same setting with the successful discovery above, the formation under the Yingshan formation (O 1 y) had great potential to form large size reservoirs, and could be a worthy exploration target.
CONCLUSION
(1) Hydrocarbons of the lower Ordovician on the Northern Slope of the Tazhong area are characterized by vertical zonation and horizontal section-wise distribution. Bounded by strike-slip faults, Oil properties also showed section-wise difference between east and west. (2) Transport framework of fault-unconformity-karsted fracture void was built by the research on the static characteristics of faults, unconformity and karstification, and was verified by petrology and geochemistry. Hydrocarbon migration parameters of V/Ni ratio and physical properties of oil indicated that strike-slip faults developed in the lower Ordovician were the important hydrocarbon pathways in the vertical direction. Hydrocarbon migrated up to the unconformity and then charged towards both sides of the faults, like letter T. (3) According to the analysis of structural setting, sedimentation, generation and expulsion of hydrocarbons, reservoir-cap assemblage and transport condition, before massive hydrocarbon expulsion, there was already necessary condition on the Northern Slope for hydrocarbon accumulation, including large size nose uplift, high-quality reservoir-cap assemblage and favorable transport framework. Through the study of structural and sedimentary setting of the Tazhong area and collocation between play elements and reservoir formation, the dynamic process of hydrocarbon accumulation was clarified, and the play model "Letter T charging through strike-slip faults, multiple stage reservoiring with earlier oil and later gas" was established. (4) Under the same setting with the Yingshan formation, the deeper formations shared the same favorable hydrocarbon accumulation conditions. So it could have great potential to form large size reservoirs, and could be a worthy exploration target.
